Introduction
Cycles of magnetic activity of the Sun as a star are associated with the action of a mean dynamo mechanism called 'α − Ω dynamo' (Parker 1955) . The action of the solar dynamo is assumed to occur in a single spherical shell, where twisting of the magnetic field lines (α-effect) and the magnetic field line stretching and wrapping around different parts of the Sun, owing to its differential rotation (Ω-effect), are acting together (Brandenburg analysis. In the current paper we show that the application of the appropriate statistical method used to reproducing the highly oscillating function of solar activity (Zharkova et al. 2015) by a set of periodic cosins functions (see the section 2.1) allows us to extrapolate the solar magnetic field rather accurately backward three thousand years. We also highlight the essential differences of the solar activity curve reconstructed by us in the current paper from the recent long-term reconstruction of solar activity based on the terrestrial carbon 14 and berillium 10 isotope dating with a cosequent use of a linear regression method for their extrapolation (Usoskin et al. 2002 Solanki & Krivova 2011) . Moreover, we show below that Sporer minimum derived by this reconstruction is likely to be an artefact of the terrestrial and Galactic activity caused by supernovae and not associated with the solar activity.
2. Reinforcement of double dynamo waves for the past three millennia 2.1. Method of reconstruction of a summary magnetic field There are two points to be considered before selecting the method for description and prediction of solar activity.
The first point is that the variations of solar activity is described by a quasi-periodic function associated with the average sunspot numbers varying with perod of about 11 years that hardly can be assumed to have a normal Gaussian distribution for the period longer than these 11 years. In this case, contrary to the method used by Usoskin et al. Solanki et al. 2004 ), a simple regression analysis is not permitted because the oscillatory function statistics does not follow the standard normal statistics with linear regression (de Bruyn & Meeuwig 2001; Good & Hardin 2009 ). Instead, the nonparametric periodic regression analysis must be used with the application of sine or cosine functions fitted to the periodic function (of solar activity in our case) when the underlying mechanism generating the periodicity is an actual periodic (sine or cosine) function (de Bruyn & Meeuwig 2001; Good & Hardin 2009 ).
The second point is concerned the variables of averaged sunspot numbers reflecting solar toroidal magnetic field) and their application for prediction of solar background magnetic field (reflectng solar poloidal magnetic field). These two magnetic fields are not independent, but closely linked one to other by the dynamo mechanism (confirmed by the dynamo equations (Parker 1955; Popova et al. 2013) ) constantly (within this 11-year period) converting one field into another. This fact is the essential restriction on the methods applicable for their analysis, thus, forbidding the application of standard statistical methods developed for the data with normal (Gaussian) distribution and requiring the more advanced methods of fitting (Principal Component Analysis, Bayesian analysis etc.) to be used (Cadavid et al. 2008; Zharkova et al. 2012 ).
The methods of reconstruction of magnetic field of the Sun over 30 latitudinal belts used in this paper are described in the three steps:
• the extraction of the two principal components (PCs), or main eigenvectors of magnetic field variations using principal component analysis (Jolliffe 2002; Zharkova et al. 2012 ) from the daily full disc solar synoptic maps of the background (poloidal) magnetic field captured by Wilcox Solar Observatory (Stanford, USA).
• Classification of these PCs with a series of periodic (cosine) functions (Shepherd et al. 2014) in the two super-cells of the solar interior discovered from the helioseismic observations (Zhao et al. 2013 ) using the symbolic regression analysis with Hamiltonian approach (Schmidt & Lipson 2009) implemented in the Eurika software (e.g. finding the set of periodic functions with the coefficients showing the best fit to the PCs and their summary curve) described by Zharkova et al. (Zharkova et al. 2015) .
• Verifying that the summary curve of these two principal components can be used for reconstruction of the solar activity because of its close association with the averaged sunspot numbers (Shepherd et al. 2014 ).
These steps allowed us to obtain the analytical formulae with a series of periodic (cosine) functions (eq. 2 and 3 in Zharkova et al. (2015) ), describing the two PCs as a function of time and their summary curve for the solar poloidal magnetic field. Findings by Zharkova et al. (2015) reveal rather stable magnitudes of the eigen values of these two dynamo waves for each and every solar cycle considered, whether they derived from a single cycle, or from a pair of cycles in any combination, or from all three cycle (21-23).
The short series approximation reproduces the summary curve derived from the magnetic data with the accuracy about 97.5% (Shepherd et al. 2014; Zharkova et al. 2015 ) (see Fig. 1 by Zharkova et al. (2015) ). Using this summary curve Zharkova et al.reconstructed solar activity backward 800 years (to 1200) and forward 1200 years (to 3200) (shown in Fig.3 in their paper (Zharkova et al. 2015) ).
The summary curve for the observed background (poloidal) magnetic field was also fit by the non-linear double dynamo model with meridional circulation showing the similar variations of the simulated poloidal magnetic field and simulated toroidal magnetic field for 2000 years (Zharkova et al. 2015) . For these purposes the dynamo equations derived by Popova et al. (Popova et al. 2013) for the generation of poloidal and toroidal magnetic fields in the two supercells of the solar interior (Zhao et al. 2013) were solved using the low-mode approach proposed by Popova et al. (Popova et al. 2013) , which is very relevant to the limited series of periodic functions used in PCA.
Restoration of the double dynamo wave in the past three millennia
In our previous paper Zharkova et al. (2015) we tested the original magnetic field data from full disk magnetograms for the past 3 solar cycles (21-23) with Principal Component Analysis and derived the eigen values and eigen vectors of solar oscillations. These came in pairs, with the highest eigen values of variance considered as the two principal components (PCs) associated with the dipole magnetic sources in both layers. These waves can be closely reproduced by the simulated waves derived from the two layer dynamo model with meridional circulation Zharkova et al. (2015) , similar to the two cells reported from the helioseismic observations (Zhao et al. 2013) . Hence, these two PCs and their summary curve are called as 'double dynamo waves'.
As indicated in section 2.1, our findings reveal rather stable magnitudes of the eigen values of these two dynamo waves for each and every solar cycle considered Zharkova et al. (2015) proving that the parameters of the own oscillations of the Sun are maintained the same over a long period of time (millennia). This stability reassures a very good health of the Sun's dynamo machine. Naturally, the parameter variations of the dynamo waves occur owing to different conditions in these two layers where the waves are generated leading to their close but not equal frequencies that reflects close but not indentical conditions in these two layers. These variations of the wave frequencies are shown to cause the beating effect of these two waves, which produces a number of grand cycles (and grand minima) occurring every 350-400 years shown in the past millennium (see Fig.3 in Zhatkova et al. (Zharkova et al. 2015) ).
In the current paper we extend this extrapolation 3000 years backwards to 1000 BC as shown in Fig.1 (top plot, blue curve). For comparison, we have overplotted the curve of the solar activity reconstructed by Usoskin and Solanki et al (Usoskin et al. 2002; Solanki et al. 2004; Usoskin et al. 2004; Solanki & Krivova 2011 ) from the average sunspot numbers observed before the 17 century and from the isotope ∆ 14 C and 10 Be abundances in earlier years (9-16 centuries)(top plot, red curve).
It can be noted that the summary curve of the two PCs extended by 3000 years backward (up to 1000 BC) in Fig. 1 is rather different in the 20 century and the whole past millennium from the curve reconstructed by Usoskin and Solanki et al. We believe, these differences are caused by the inaccuracies of reconstruction of a periodic function of solar activity by a linear regression analysis used by Usoskin et al (Usoskin et al. 2002; Solanki et al. 2004) , which is, in fact, only applicable to the normal data (with Gaussian distribution) (see section 2.1 for details).
Whilst our reconstruction summary curve uses a symbolic regression analysis for periodic (cosine) functions reproducing closely the oscillatory curve of solar activity (see section 2.1 and Zharkova et al. (2015) ). The long-term 'grand' cycle is close to those previously considered using the observations of aurorae, periods of grape harvests etc (Kingsmill 1906; Wagner et al. 2001) . The curve reveals a remarkable resemblance to the sunspot and terrestrial activity reported in the past years showing accurately: the recent grand minimum (Maunder Minimum) (1645-1715), the other grand minima: Wolf minimum (1300-1350), Oort minimum (1000-1050), Homer minimum (800-900 BC); also the Medieval Warm Period (900-1200), the Roman Warm Period (400-150 BC) and so on. These minima and maxima in the past millennia reveal the presence in solar activity of a grand cycle with a duration of about 350-400 years with the next grand cycle minimum (we call it a Modern minimum) approaching in 2020-2055 (Zharkova et al. 2015) .
It turns out that longer grand cycles have a larger number of regular 22 year cycles inside the envelope of a grand cycle but their amplitudes are lower than in the shorter grand cycles. This means that for these different grand cycles and their individul solar cycles there are significant modulations of the magnetic wave frequencies generated in the two layers: a deeper layer close to the bottom of the Solar Convective Zone (SCZ) and shallow layer close to the solar surface, whose physical conditions define the frequencies and amplitudes of dynamo waves generated in these layers. The larger the difference between these frequencies the smaller the number of regular 22 years cycles fit into a grand cycle and the higher their individual amplitudes.
By combining the curves in Fig.1 (top plot, blue curve) and the curve used for the prediction for the next 1000 years in Fig. 3 of Zharkova et al (Zharkova et al. 2015) reproduced here in Fig. 1 (bottom plot), one can also note that in addition to the grand cycle of 350-400 years there is a larger super-grand cycle of about 1900-2000 years, which is often reported in the spectral analysis of solar and planetary activity (Scafetta 2014 ).
This super-grand cycle can be distinguished by comparing the five grand cycles in Fig. 1 (bottom plot) (years 1001-3000 AD) with the next 5 grand cycles restored for 1000 BC-1000 AD) (top plot), which clearly show tsome repeating patterns for every 5 grand cycles.
Evidently, these cycles provide the important information about physical conditions in the two layers of the solar interior during these years, which govern the variations of frequencies and amplitudes of the magnetic waves revealing, to some extent, a double beating effect reproducing as grand so super-grand cycles.
However, this long-term reconstruction of solar activity from the two PCs does not cover the full variety of solar activity.There are the other 3 pairs of the significant independent magnetic field components Zharkova et al. (2012) , which are associated with quadruple magnetic sources in these layers (Popova et al. 2013) , which can further modify the individual variations of 22 year cycles within each grand cycle. For example, Dalton minimum (1790-1820) is only slightly featured with some reduced activity in the summary curve but is not shown as strong as it was in the sunspot observations. Recently, for the fitting of Dalton minimum using the double dynamo model (Popova et al. 2017) we included a quadruple component of magnetic field that allowed us to recover Dalton and other centennial minima called Gleissberg's cycle.
Although, there is another minimum, Sporer's one (1450-1550), which is also not present in our summary curve (the blue curve) plotted in Fig.1 , which shows during the same period of time a maximum of the grand cycle. In this case even the inclusion of quadruple components is unlikely to account for the major solar minimum, like Sporer one, which ihas the properties of a grand miimum but in the absolutely wrong time. We discuss the discrepancies of Sporer minimum in the sections below.
Verification of the PCA summary curve with historic observations
Let us first check the evidences from the solar-terrestrial environment in the previous grand cycle plotted In Fig.2 as the summary curve calculated for 14-16 century during
Sporer's minimum. Belwo we present a few independent verifications of the presence of the grand maximum (not minimum) of solar activity derived in this period from the solar-terrestrial data.
The first verification comes from the pre-telescope observations of large sunspots observed (when possible) with the naked eye by Chinese and Japanese astronomers in the 13-16 centuries (Williams 1873; Wittmann 1978; Wittmann & Xu 1987 ) presented in Fig. 2, top plot. It can be seen that in the times when the large sunspots were observed they fit extremely well the individual solar cycles predicted by our summary curve in the 13-14 centuries prior to the alleged Sporer minimum.
It can be also seen that the pre-telescope observations of large sunspots in the 14-15 centuries done by Chinese astronomers with naked eye (Wittmann 1978; Wittmann & Xu 1987) were rather patchy in the 14-15 centuries. They did not show any signs of a minimum of solar activity during the two cycles before and after 1380, which fit rather closely our predictions of a grand maximum in the summary curve for these cycles.
Then during 1450-1550 (the alleged Sporer minimum) there were also two large sunspots observed with a naked eye (see Fig.2 , top plot), while during the next large solar minimum in the 17th century, Maunder Minimum, the sunspot numbers were very small and there were no large sunspots at all reported by any researchers even with telescopes.
This makes Sporer minimum with two large sunspots a bit peculiar minimum, and we discuss its further in the sections below.
The second verification occurs from the reconstruction of the terrestrial temperature in Northern hemisphere compiled from 6 different sources as reported by Usoskin et al. The third verification comes from very strong auroras a reported in 14-16 centuries over ll over the skies of the whole Europe including Germany, Poland, Switzerland and even Portugal with other Mediterrenian countries (Schlamminger 1990; Schroder & Treder 1999) . For this particular grand cycle in Fig.2 (bottom plot) we present the intensities of auroras during the period of Sporer minimum. Similarly to the terrestrial temperatures above, strong auroras coincide with the maxima of solar activity and not with its minima and, especially, not with the prolonged minimum as Sporer's one is alleged to be. It is clear that the intensities of these unusual auroras in 14-16 centuries significantly exceed the intensities of the auroras ever observed on Earth in the past 500 years (Schlamminger 1990; Schroder & Treder 1999 ) and definitelly, they do not have lower intensities expected for a deep solar (Sporer) minimum if it existed in its activity during this period.
The butterfly diagrams for Maunder and Modern grand minima
The fourth independent verifiction of our reconstruction of solar ctivity in Fig. 1 comes from a comparison of the observed butterfly diagams for the past Maunder minimum from 17th century (Eddy 1976 (Eddy , 1983 ) plotted in Fig.3 (top plot) with the theoretical butterfly diagram in Fig.3 (bottom plot). The theoretical butterfly diagram is derived from the two principal components of solar toroidal magnetic field, generated by the double solar dynamo with dipole sources in two different layers with meridional circulation (for details of the model see section 2.1 and paper by Zharkova et al (Zharkova et al. 2015) ).
It can be seen that the simulated butterfly diagrams for the Maunder minimum occurred between the two grand cycles plotted inFig.3 show a reasonable 'face fit' to the observed one in terms of their emergence timing and latitudes. For example, the observations show that the sunspots emerge in narrow strips of the times about 1690, 1705
and 1718 followed by the gaps between them without any sunspots (Eddy 1976 (Eddy , 1983 ).
These gaps are also shown in the simulated diagram in the bottom plot with the largest gap clearly occurring between 1690 and 1705, similarly to the one shown in the observations (top plot).
In order to understand what kind of sunspot activity one can expect in the forthcoming grand minimum, we also simulate the butterfly diagrams for this Modern grand minimum approaching in 2020 as plotted in Fig.4 (bottom plot). For general purposes we also calculated butterfly diagrams plotted in Fig.4 (top plot) for the same period of 2000 years (1200-3200) with the five grand cycles as it was reported in the previous paper 1 by Zharkova et al. (2015) .
It is evident from Fig.1 that the upcoming Modern minimum in the 21st century (2020-2055) is expected to last only for 3 standard 11 year cycles (25-27) and, thus, to be much shorter compared to the Maunder Minimum in the 17 century. There are also more sunspots expected to appear in the individual strips of the butterfly diagram, compared to the previous grand minimum, with the number of spotless gaps between the burst of sunspot activity to be the same as in the Maunder minimum (see Fig.4 (bottom plot) ).
The next extended grand minimum resemling Maunder minimum is expected after the next grand cycle in 2060-2420 (see Fig.1 , bottom plot).
3. Solar activity during Sporer's minimum
Possible effects of supernovae
One can note that Sporer's minimum (1450-1550), first indicated by Eddy (1976) and later reproduced by Solanki et al. (2004) ; Solanki & Krivova (2011) , is not present in our summary curve plotted in Fig. 1 , as pointed out by Usoskin and Koval'stov (Usoskin & Kovaltsov 2015) in the comment to our paper (Zharkova et al. 2015) , showing during the same period of time a maximum of the grand cycle. Moreover, after investigating the method of the time dating with ∆ 14 C isotope (Libby 1946; Arnold & Libby 1949) and considering the terrestrial and extra-terrestrial conditions reported in the literature (Williams 1873; Wittmann 1978; Schroder & Treder 1999) , we are puzzled with a question about the validity of assigning the abundances of ∆ 14 Cand 10 Be to the minimum of solar activity in the period of the alleged Sporer minimum. Below we explain the reasons.
If one assumes that, indeed, it was a long Sporer minimum in solar activity in the 14-16 centuries, as suggested by the holocene curve derived from restoration of the carbon -16 -minimum is in a very strong contradiction not only to our prediction in Fig. 1 but also to the other proxies of solar activity discussed in the section above, like large sunspots (Fig.2, top plot), strongest auroras ever observed on the Earth (Fig.2, bottom plot) and cosmic ray intensity in that period (McCracken & Beer 2007) .
Keeping in mind that, normally, a) strong auroras coincide with the maxima of solar activity and not with its minima, and b) in the telescope era such strong auroras, as they were seen in the 14-16 centuries, were never observed, it is logical to assume that in that period there was/were some other source/sources, which increased a flow of relativistic particles causing the auroras. The Sun could not provide such the increase as its grand cycle for these centuries was not much different from the previous and the next grand cycles (which we are experiencing now) as shown in Fig. 1 .
We reckon that Sporer minimum is, in fact, an artefact of the reconstruction techniques 
Possible uncertainities in the carbon dating approach
By default, the accuracy of the carbon dating method is dependent on the background radiation at the evaluation periods as indicated by Libby (Arnold & Libby 1949) . Normally, the calculations of carbon dating produce the dates in radiocarbon years: i.e. dates that represent the age the sample would be if the 14 C/ 12 C ratio had been historically constant (Taylor & Bar-Yusef 2014 ). Libby's original exchange reservoir hypothesis assumed that the 14 C/ 12 C ratio in the exchange reservoir is constant all over the world that still gives an error about 80 years.
Then later Libby (Libby 1963) had pointed out the possibility that this assumption was incorrect, it was not until discrepancies began to accumulate between the measured ages and the known historical dates for artefacts that it became clear that a correction would need to be applied to radiocarbon ages to obtain calendar dates (Aitken 1990; Taylor & Bar-Yusef 2014) . Any addition of carbon to a sample of a different age will cause the measured date to be inaccurate. Contamination with modern carbon causes a sample to appear to be younger than it really is: the effect is greater for older samples while contamination with old carbon, with no remaining 14 C, causes an error in the other direction independent of age a sample contaminated with 1% old carbon will appear to be about 80 years older than it really is, regardless of the date of the sample (Aitken 1990 ).
There are several causes of the variation in the ratio across the reservoir (Bowman 1995) , which can significantly increase the errors (see, e.g., Damon and Sonett (Damon & Sonett 1991) ): variations of the cosmic-ray flux on a geological timescale due to the changing galactic background (e.g., a nearby supernova explosion or crossing the dense galactic arm); secular-to-millennial variations are caused by the slowly-changing geomagnetic field or by solar magnetic activity; mixing of atmospheric carbon with the surface waters, 'marina effects' or water running from aged rocks and volcanic eruption and even differences in atmospheric circulation in hemispheres.
While variations of the terrestrial magnetic field and solar activity were actively considered in the past (Usoskin et al. 2002; Solanki & Krivova 2011) , the contributions of some other effects including the effects of supernovae were somehow overlooked. Possible implications of supernovae on the terrestrial events and carbon dating prior and during the Sporer minimum is discussed in the section below.
Near-Earth supernova effects on the terrestrial conditions in the 13-15 centuries
The strong increase of the cosmic rays in 14-15 centuries was already reported by Also a near-Earth supernova can produce noticeable effects on the terrestrial biosphere by destroying to large extent its ozone layer (Gehrels et al. 2003; Becker Tjus et al. 2016) , if it occurred as far as 700-3000 light-years away depending upon the type and energy of the supernova. Gamma rays from a supernova would induce a chemical reaction in the upper atmosphere converting molecular nitrogen into nitrogen oxides, depleting the ozone layer enough to expose the surface to harmful solar radiation. This has been proposed as the cause of the OrdovicianSilurian extinction, which resulted in the death of nearly 60% of the oceanic life on Earth (Melott et al. 2004 ).
It was noted that the traces of past supernovae might be detectable on Earth in the form of metal isotope signatures in rock strata as iron-60 enrichment was later reported in deep-sea rock of the Pacific Ocean (Knie et al. 2004) . Then later the elevated levels of nitrate ions were found in Antarctic ice (Motizuki et al. 2010) , which coincided with the 1006 and 1054 supernovae of our Galaxy. Gamma rays from these supernovae could have boosted levels of nitrogen oxides, which became trapped in the ice (Miyake et al. 2015) .
In The remnant of a mysterious supernova Vela Junior, which became a neutron star, was found in 1998 (Iyudin et al. 1998 ) when gamma ray emissions from the decay of 44Ti nuclei were discovered. The Vela Junior remnant is located in the southern sky in the constellation Vela inside the much older Vela Supernova Remnant. The distance to this object is argued to be only 650-700 light-years away. Also it's radiation and particles reached the Earth comparatively recently, perhaps within the last 800 years, at about 1250-1290 as shown in It is evident that contrary to the Antarctic ice data (the solid curve named An), the 10 Be data from Greenland exhibits the very pronounced maxima in 1500 and in 1560 when it was supposed to be Sporer minimum. Also it is clearly seen that during the Maunder Minimum, or after 1650, the both An and Gr curves become rather consistent showing the minimum of solar activity (see (Fig. 5 , bottom plot, from Usoskin et al. .) The concentration of 10 Be clearly indicates to the very unusual discrepancy between Greenland ice and the one of Antarctic that can be logically explained by the effects caused by the occurrence of Vela Junior supernova in the southern sky.
The cosmic rays from supernova strongly affected the southern ice of Antarctic, while being so down from the equator, did not affect the Greenland's ice, which was naturally exposed to the solar energetic particles only. Given that in the time of alleged Sporer minimum (1450-1550) the solar activity was in a maximum of its previous grand minimum as our summary curve shows. Hence, the 10 Be in the Greenland ice clearly indicates to the maximum of solar activity exactly during Sporer minimum as predicted in our previous paper (Zharkova et al. 2015) and presented here in Fig.1 .
This undetected supernova Vela Junior could be the major reason of a long streak of epidemics on the Earth, which thappened in 14-15 centuries in most countries, including China. They led to a decline in a number of the solar observers reporting large sunspots in the pre-telecope era resultting the decline of large sunspots reported with a naked eye, as shown in Fig. 1 . Hence, this was not a real decline of sunspot numbers but a decline in their observations.
We further suggest that the cosmic rays from another supernova, Tycho's supernova Thomas et al. 2016) . These cosmic rays and only them must be causing the most powerful terrestrial auroras ever observed as shown in Fig. 2 .
Hence, the links of supernovae with the solar activity curve derived for 14-16 century from the carbon dating (Usoskin et al. 2002; Solanki et al. 2004) can be summarised as follows.
1. High abundances of ∆ 14 C time-dated to 14-16 centuries leading to assumption of the Sporer solar minimum can be created prior this time during the occurence in the 13 century of supernova observed in the southern hemisphere with the Imaging Compton Telescope (COMPTEL) at the distance of only 700 light years (Iyudin et al. 1998 ).
2. The most intense supernova observed by Tycho Brahe (Brahe & Kepler 1602 ) in 1572 in our galaxy at the distance of 3200 light years that was after the Sporer minimum and whose radiation could contaminate the samples with carbon 14 used for dating of earlier events.
3. There was also other supernova observed in 1604 by Kepler (Kepler 1609) (the last supernova in our Galaxy)(see Fig.5 and a few other supernovae from our Galaxy in the 17-18 centuries (see Table 1 ).
Many of these supernovae originated from the Milky Way's galaxy core proving that the galactic core was very active in the pre-and early telescopic era, providing the most extensive streams of cosmic rays during the supernova formation preceeding or coinciding with the alleged Sporer minimum derived from ∆ 14 C on the Earth. Tycho Brahe's and
Kepler's supernovae could change significantly the background radiation of the Earth, contaminate the samples used for the carbon dating and lead, in turn, to the signifcant (>200 years) errors in carbon 14 dating, if the correct background is not taken into account in the reconstruction presented by the red curve in Fig. 1 Solanki et al. 2004) . This led to the artefact of Sporer minimum in the terrestrial and solar activity.
Conclusions
In this paper we reproduce the summary curve of solar activity for the last 3000 years that shows a remarkable resemblance to the sunspot and terrestrial activity reported in the past millennia. These include the most significant grand minima: Maunder Minimum (1645-1715), Wolf minimum (1280-1350 AD), Oort minimum (1040-1080 AD), Homer minimum (800-900 BC), also pointing to the grand maxima: the medieval warm period (900-1200), the Roman warm period (400-10 BC) and so on. We also verify the extrapolated summary curve, as the solar activity curve, by available pre-telescope observations of large sunspots in 14 century, by increase of the terrestrial temperature and by the intense terrestrial auroras seen in 14-16 centuries and by the batterfly diagrams simulated and observed for Maunder Minimum. We predict the upcoming Modern grand minimum in 2020-2055, which will have the solar activity slightly higher and its duration twice shorter than in Maunder minimum of the 17 century.
We argue that the alleged Sporer minimum (1450-1550 AD) derived from the isotopes ∆ 14 C and 10 Be clearly indicates to time dating technique is likely to be produced by a strong increase of the terrestrial background radiation caused by the galactic cosmic rays of a powerful supernova. The supernova Vela Junior, which occurred about 1290 close to the Earth (<700 light-years), is likely to strongly affect its atmosphere and biosphere (ice) that led to the wrong carbon dates, and thus, solar activity reconstruction for the period after it occurred (1450-1550).
The cosmic rays from this supernova could explain the decrease of (Reischauer et al. 1960) , in particular (see also https : //en.wikipedia.org/wiki/List o f e pidemics). These epidemics in China (Reischauer et al. 1960 ) combined with Mongolian invasion and expansion of the Great Chinese Wall, could be the unfortunate reasons, which eliminated a pool of people in China trained to observe sunspots with a naked eye.
In addition, the supernovae observed by Tycho Brahe and Kepler at the end of 16 and beginning of 17 centuries brought additional powerfull cosmic rays, which, in turn, affected the Earth atmosphere and its biosphere creating a very strong nuclear background different from the standard one accepted in the carbon dating. This increased background intensity can definitely introduce the time-dating error of a few hundred years providing a plausible explanation why Sporer minimum did not exist in 15-16 centuries in the solar magnetic field summary curve shown in Fig.1 derived with the principal component analysis and symbolic regression classification (Zharkova et al. 2015) .
Given a number of grand minima and grand maxima in the summary curve, which correctly matched some of the well-known minima and maxima in the terrestrial temperature and carbon dating data, combined with the other means of verification discussed above (naked eye sunspots, auroras), we have very good reasons to reinforce our previous findings (Zharkova et al. 2015 ) that the basic solar activity is produced by the two magnetic waves, called principal components, caused by double solar dynamo effect. These waves are shown to be generated by the dipole magnetic sources located in two (inner and outer) layers of the solar interior. This finding also emphasizes the fact that the solar activity has a very well-maintained periodicity of their principal dynamo waves produced by dipole magnetic sources which is maintained over three millennia reflecting a very stable dynamo-health of the Sun. We need to emphasize that the real solar activity can be a superposition of a larger number of waves generated not only by dipole but also by quadruple (Popova et al. 2017 ), sextuple or other magnetic sources that will be a scope for forthcoming studies.
-25 - (Zharkova et al. 2015) (with the removed horizontal pointers). (Wittmann 1978; Wittmann & Xu 1987) . Middle plot: distributions of terrestrial auroras over the period of Sporer minimum revealing the strongest auroras ever observed (Schlamminger 1990; Schroder & Treder 1999) . Bottom plot: the terrestrial temperature variations in the past millennium derived by 7 observations (Usoskin et al. 2005) with the average shown by the thick burgundy line (extracted from Fig.1 by Usoskin et al.
( Usoskin et al. 2005) ). Maunder minimum (Eddy 1976; Ribes & Nesme-Ribes 1993) . Bottom plot: the butterfly diagram of the toroidal magnetic field for the Maunder minimum simulated using the double layer dynamo model (Zharkova et al. 2015) for the parameters of magnetic field derived from PCA and used for simulation of the summary curve in Fig. 1 (bottom plot) . The right panel shows the colour scheme for marking a toroidal field magnitude in the bottom plot. The parameters of magnetic field and meridional circulation in the both cells are the same as in the previous simulations of temporal variations of the toroidal field (Fig.6 in Zharkova et al.
( 2015)). (bottom plot) using the double layer dynamo model (Zharkova et al. 2015) in the two cells of the solar interior reported by HMI/SDO observations (Zhao et al. 2013) . The right panel in the top plot shows the colour scheme for marking a toroidal field magnitude in both plots.
The parameters of magnetic field and meridional circulation in the both cells are the same as in the previous simulations of temporal variations of the toroidal field (Fig.6 in Zharkova et al. (Zharkova et al. 2015) ). 
